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In the study of a malignant transplanted tumor of the rabbit (1, 2) 
it has been observed that animals pursuing a  rapidly fatal course of 
the disease frequently show as a terminal event evidences of an hemor- 
rhagic  state,  with  extravasation  of  blood  into  muscles,  connective 
tissue spaces and serous cavities.  Blood tests demonstrate prolonged 
dotting rate  and imperfect dot retraction.  In earlier stages,  also, 
of this florid and of milder forms of the tumor are found changes in 
blood coagulability, less extensive and consistently related to various 
phases of the tumor growth.  The findings are to be reported in Part 
II of this communication, it being necessary first to consider in detail 
the characteristics of blood coagulation that were investigated and the 
means  adopted  for  their  evaluation. 
In  estimating  blood  coagulability particular  attention  has  to  be 
paid to the circumstances of the technique employed, since they of 
themselves may influence the readings very considerably.  This has 
been  emphasized  abundantly by  others,  referring to  the  markedly 
accelerating effect of "tissue juices" upon coagulation (3), the accelera- 
tion produced by various foreign substances, metal, glass, etc., coming 
in contact with the specimen during the test  (4),  the retardation in 
dotting rate resulting from periodic or continuous disturbance of the 
blood necessary in making observations (5),  or from exposure to the 
air,  also,  the important  part  played by  the  temperature at  which 
coagulation takes place (6).  While the effects of extraneous factors 
of this  sort  may be maintained constant  in a  given technique and 
the readings obtained be of significance relative to  each other,  the 
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result may be to remove the scale of values so far from the basic rate 
of coagulation as to obliterate certain abnormalities that occur.  For 
example, cases of hemophilia have been described (7-9)  in which the 
clotting time of blood taken directly from the circulation was greatly 
extended,  while  specimens  that  had  touched  the  tissues  in  being 
secured coagulated at  normal rates.  These were extreme instances 
but they illustrate the importance of obtaining as nearly as possible a 
basic clotting rate value; and for the present work where but slight 
changes in blood coagulability are frequently presented such factors 
have had to be eliminated from the tests, a condition not satisfied by 
by any of the procedures known to us.  Effort has been made, ac- 
cordingly, to  develop methods with conditions of  technique nearly 
neutral in all regards to coagulation.  Indicators were sought for to 
serve  as  bases  of measurement, phenomena occurring distinctively 
and spontaneously in blood coagulating at  rest, rather than the ar- 
bitrary type of standard usually employed, such as  certain degrees 
of firmness, adhesiveness, ductility or plasticity of the clot. 
The problem at hand required consideration of two phases of the 
blood  coagulative process,  i.e.,  clot  formation and  clot  retraction. 
These will be dealt with separately; first,  the characteristics of each 
will be discussed, and then methods of measurement described. 
I.  Clot Formation. 
Experimental Basis.--A drop of freshly shed blood deposited under 
clear, bland oil and resting upon paraffin remains intact as a slightly 
flattened  sphere  and  presents  an  exquisitely smooth and  sensitive 
surface (Fig.  1, No.  1).  Observed at room temperature, the sphere 
of blood remains without change of appearance for about 15 minutes, 
when,  almost imperceptibly at  first,  retraction  of  clot begins  as  a 
minute dimple or wrinkle at one point or another (Fig. 1, No. 2), or as 
a warping of the whole specimen.  Soon the distortions multiply and 
extend, and in the space of a minute or so the drop loses completely its 
symmetry and finish (Fig.  1, No. 3).  Further retraction follows and 
bubbles of serum are extruded (Fig. 1, Nos. 4 and 5). 
It is here evident that clot retraction commences in a  specimen of 
blood only after  a  considerable period has  elapsed  since  shedding, 
during which time the clot is being formed.  Apparently, the fibrin C. M. VAN  ALLEN  71 
coagulum must undergo a certain amount of development or matura- 
tion before it becomes capable of retraction, and, once this condition 
has been attained, retraction proceeds rapidly.  The duration of this 
period will be referred to as clot formation time, and, with the above 
preparation, it will be measured with the onset of retraction as end- 
point. 
In the rabbit it is not practicable for repeated tests to take specimens 
of blood directly from the circulation by puncture of large vessels, and 
section of the ear vein must be employed. 
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Technical factors in this procedure which may infuence the results are indicated 
by the following experiment: In each of four rabbits a  series of drops from the 
same wound were tested for clot formation time; also, blood was tested from a 
fresh cut and from heart puncture.  The results are charted in Text-fig. 1.  It 
will be seen that clot formation quickens progressively in blood as it flows from 
the vein incision, up to a certain limit which may be twice as rapid as that at first. 
Blood from a  fresh cut repeats the first reading obtained, as well as that drawn 
from  the  circulation  without  tissue  contact.  Thus,  under  circumstances pro- 
hibiting venepuncture, venesection may be used provided the first specimen of 
blood is taken.  Skin puncture alone should not be used, as here the blood flows 
less rapidly and may be altered from the onset by admixture with "tissue juices." 
The  temperature  at  which  the  specimen  coagulates  requires  control.  The 
effects of temperature change upon the rate of clot formation are shown in Text- 72  BLOOD  COAGULATION.  I 
fig. 2 at A.  Curves from two rabbits are given, in each of which four specimens, 
taken simultaneously by heart puncture, were examined at different temperatures, 
ranging from 17-39°C.  Clot formation is seen to vary in rate with the tempera- 
ture,  being greatly delayed at  the lower levels.  The relation, however,  is not 
strictly direct, for the change in rate per degree change in temperature becomes 
greater as the scale is descended.  Body heat  (37.5°C.)  is the logical condition 
for the test but this is too high to be maintained readily by the simple means of 
heat regulation to be described, and 32°C. has been selected.  This temperature 
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is sufficiently high that the readings differ but slightly from those at 37.5°C. and, 
also, are affected inconsiderably by variations in temperature to the extent of 1  ° 
or 2 ° as may occur inadvertently in the technique. 
Apparatus.--The articles required are a specimen platform, test-tube and holder, 
water bath and thermometer (Text-fig. 3).  The platform is a  thin, concave disc 
of metal, 1.0 cm. in diameter, supported upon a rod 10 cm. in length.  The test- 
tube is so proportioned as to receive the platform disc readily, is 12 cm. in length 
and  made of clear glass.  The  test-tube holder is  of  the  type illustrated.  A 
vertical sided jar of about 2 liters capacity serves as water bath. c.  ~s.  VA~  ~L~  73 
The parts are assembled for use as follows: The platform disc is coated to at 
least 1 ram. thickness by dipping in melted paraffin several times, care being taken 
to preserve the concavity of the upper surface.  The tube is filled with mineral oil 
(Squibb's) to within a few ram. of the top, and into it is dropped the platform, the 
disc of which will then lie about 1.5 cm. under the oil (Text-fig. 3, A).  The tube, 
grasped in the holder, is now suspended part way in the water bath (at about 45°C.) 
and 5 minutes time is allowed for the column of oil to reach a stationary tempera- 
ture (Text-fig. 3, B).  The temperature of the layer of oil overlying the platform 
is then taken, the thermometer bulb first being warmed in the hand.  It is desired 
to obtain in this section of the oil column a heat level of 32-33°C., and the  tube 
A 
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is further lowered or raised in the bath until the temperature is secured.  Once 
adjusted, it will not fall appreciably during the test. 
In dealing with a series of animals a rack of test-tubes and a larger water bath 
have been used.  The thermometer is fixed in one tube with its bulb at the level 
of the platform discs, and by adjusting the height of the rack in the water, and 
lowering it slightly from time to time as the water cools, all tubes may be kept at 
the desired temperature for as long as 3 hours while they are being used. 
Method.--A small quantity of blood is drawn with a syringe, and, with the point 
of the needle immediately under the oil, a single drop about 0.6 cm. in diameter is 
injected and allowed to rest upon the platform, care being exercised that it does 
not touch the sides of the tube.  The size of the drop is unimportant except as the 74  BLOOD  COAGULATION.  I 
larger specimens are more easily read.  It is observed closely for the first evidence 
of clot retraction.  Fine indentations in the surface indicating this are best seen 
by bringing the high light to play on the sides of the drop; and warping is detected 
from above.  The interval of time elapsing between securing the blood and the 
onset of retraction is recorded. 
The blood specimen is obtained in the rabbit usually from the ear vein.  The 
skin surface here is shaved, cleansed and dried, then vessel dilatation is produced 
by applying warmth  underneath  (small  electric  light  bulb)  and  a  razor cut is 
made directly into the vein where it lies beneath the skin.  Blood will spurt out, 
and the first that appears is drawn into a syringe or rubber bulb pipette (medicine 
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Results.--70,  or one-third,  of the  number of  rabbits  whose  clot 
formation time at 32°C. has been examined, were normal animals and 
gave readings between 4 and 8 minutes,  averaging S~  minutes.  In 
those with various diseases the  readings  varied  between  2 and  36 
minutes.  Incoagulable blood renders no end-point; the drop remains 
symmetrical and the corpuscles therein sediment, leaving a  superna- 
tant fluid of ground glass opacity. 
Corpuscle sedimentation occurs also to a  degree in certain  blood 
specimens which go on to  coagulation.  This is accompanied by a 
prolonged clot formation time, although the latter is frequently found 
independently.  The significance of sedimentation will be discussed 
below. 
dropper) for testing. 
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H.  Clot Retraction. 
Experimental  Basis.--Extent  of Retraction.--Since  blood  clot  re- 
tracts with a loss of substance (serum and an amount of corpuscles), 
it  is  possible  to  study  the  characteristics  of  clot  retraction  quan- 
titatively in terms of this substance.  For example, if a known amount 
of rabbit blood be collected and allowed to coagulate completely, it 
will be found that the material which exudes from the clot amounts 
to about 70 per cent of the specimen; or, in a series of normal rabbits, 
between 55 and 85 per cent (Text-fig. 4, Column 1).  If these exudates 
are then centrifugalized, to separate the corpuscles, and the amounts 
of serum compared, a  lesser range of variation will be found  (Text- 
fig. 4, Column 2).  But it is logical to suppose that a given specimen of 
blood can deliver serum only in amount depending upon the available 
fluid  (plasma)  content.  If,  therefore,  estimations  of  the  plasma- 
corpuscle ratios in the blood of these animals be obtained (hematocrit 
test)  and each of the above serum values be expressed in percentage 
of the plasma content, the range of results will be reduced to within 
narrow limits  (Text-fig.  4,  Column  3).  It  is  evident,  accordingly, 
that the normal extent of retraction of blood clot, expressed in terms 
of the relative amount of fluid lost in the process, is a fairly constant 
function. 
Rate of Retraction.--The  rate with which clot retracts, moreover, 
can be indicated by taking readings of this sort  at intervals during 
retraction.  Thus, in Text-fig. 5, the lower chart presents the curves 
of serum output of three specimens of blood from a rabbit.  In order 
to vary the retraction rate each was placed at a different temperature 
to coagulate.  Marked differences in rate are to be seen, the highest 
occurring in  the specimen at  the highest temperature; but the final 
readings, that is, the ultimate extents of retraction, in the three were 
the same.  For comparison with these curves, the quantities of cor- 
puscles which accompanied these serum yields at each reading during 
retraction, expressed in the same manner, are given in the upper chart 
of  Text-fig.  5.  Here  again  the  curves  demonstrate  differences in 
rate, but the final values are not at all similar and vary also with the 
rate.  It would appear that the total amount of corpuscles extruded 
from blood clot in retracting depends in some manner upon the rate of 
that process and in no wise upon its ultimate extent. 75  BLOOD  COAGULATION.  I 
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Further  indication  that  the  total  corpuscle  output  from blood  clot 
is an index of clot retraction  rate is to be had in  the following experi- 
ments,  in  which  clot  retraction  rate  is  altered  artificially  by  various 
means. 
Table I  contains  the data  of experiments utilizing  the  accelerating  influence 
upon  coagulation  of contact  of foreign  substances  (glass  and  copper)  with  the 
blood.  The  corpuscle  yield  was  read  upon  specimens  from  three  rabbits,  the 
blood being contained during coagulation in parAf~n-lined tubes and covered with 
TABLE  I. 
The Accelerating Effect of Foreign Body Contact on Retraction Rate. 
Corpuscle  readings 
Rabbits 
Specimen 1 (tube paraffin-coated and with oil) .................  1  6  I  15  I  47 
Specimen 2 (tube omitting paraffin coat) ......................  ~  17  I  27  ] 
Specimen 3 (tube paraffin-coated and with oil, added piece of bare /  I 
copper wire) .............................................  !  ~  [  74 
TABL~  II, 
The Retarding Effect of Neutral Foreign Bodies on Retraction Rate. 
Corpuscle 
readings 
Specimen 1 (tube paraffin-coated and with oil) ........................ 
Specimen 2 (the same as above; added one piece puffin-coated  copper 
wire)  .....................  .,..  .......  .  ....  .  ......  ,  .....  o  .....  °o 
Specimen 3 (the same as above; added three pieces paraffin-coated copper 
wire)  .....  .°  ............................  .  .....  o  .....  ....  ........ 
per 
47 
28 
23 
oil.  With these as controls, readings of other specimens were made treated in all 
respects similarly, except that in  two instances  the paraffin lining was  omitted, 
and  in the third a  fragment of copper was placed in  the blood.  The corpuscle 
yields in all of the latter were distinctly greater than in the controls. 
The experiment in Table II made use of the retarding effect upon clot retrac- 
tion  of mechanical  obstruction  to  the  process.  In  comparison  with  a  control 
reading, obtained as described in the above experiment, two other specimens from 
the same animal were  tested in which  there had been placed strands of copper 78  BLOOD  COAGULATION. I 
wire rendered  neutral  to coagulation by a  coating of parafl~.  The corpuscle 
reading from each of the latter was less than from the control and diminished in 
proportion to the number of wire strands present. 
In Table III data are given concerning the retardation  of clot retraction by 
exposure to air.  Control readings were made as before in three rabbits and, for 
comparison, specimens were read from which the oil covering had been omitted. 
The corpuscle output was thereby lowered. 
Agitation of the blood retards coagulation.  In comparison with the usual con- 
trois in two rabbits  (Table IV), specimens were tested similar to the others in all 
TABLE  III. 
The Retarding Effect of Exposure to Air on Retraction Rate. 
Specimen 1 (tube paraffin-coated and with oil) ................ 
Specimen 2 (tube omitting oil) .............................. 
Corpuscle readings 
Rabbits 
~et ~  [  ~er  ~e~ [pert*mr 
6s  IS912* 
38  [45  [  14 
TABLE  IV. 
The Retarding Effect of Agitation'on  Retraction Rate. 
Corpuscle readings 
Specimen 1 (tube paraffin-lined and with oil) .................... 
Specimen 2 (the same as above) ............................... 
Specimen 3 (the same as above, stirred  1 rain. after shedding) ...... 
Specimen 4 (the same as above, stirred 2 rain. after shedding) ...... 
Rabbits 
~cTA nt  B 
per ce~ 
47  I  31  49 
29  23 
16 
respects except that shortly after shedding the blood was slightly agitated.  This 
had the effect in each instance of reducing the corpuscle yield. 
Still further and surer proof of the significance of the corpuscle reading as an 
index of clot retraction rate is had from experience with the value in disease,  for 
wherever retraction  was found retarded  as indicated  by abnormally low inter- 
mediate serum readings, the total corpuscle yield was always depressed. 
The means is presented,  accordingly, of estimating the rate and the extent of 
blood clot retraction:  The total fluid yield from clotted blood is separated into 
its  serum-corpuscle fractions and, properly corrected,  the corpuscle value in(i- 
cates the rate and the serum value the extent of clot retraction. C.  M.  VAN  ALLEN  79 
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Relation of Clot Retraction to Clot Formation.--We may proceed to examine the 
behavior of clot retraction in its relationship to that of clot formation. 
In Text-fig. 6, on the right, are curves of retraction rate secured from blood of 
three rabbits.  In each instance four specimens were taken and allowed to coagu- 
late at temperatures extending from 17-38°C.  It will be seen that not only does 
rate vary with temperature but the effect is proportional, i.e., each curve is vir- 
tually a straight line.  In Text-fig. 6, on the left, are curves of clot formation rate 
from these animals secured under  the same conditions of temperature (see  also 
Text-fig. 2, A).  Here the relation between rate and temperature is represented 
by a line of hyperbolic form.  Moreover, while the formation rates at correspond- 
ing levels are nearly alike in the three animals, one of them gave a retraction rate 
widely separated from those of the other two.  Apparently, clot retraction and 
clot formation behave quite independently in rate. 
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This individuality  of rate of the two phases of coagulation may be demonstrated 
in another way: Five specimens of blood from an animal were allowed to coagulate 
at different temperatures, thus, Nos. 1 and 2 at I?°C., No. 3 at 25°C. and Nos. 4 
and  5  at  37°C.  As coagulation proceeded,  Specimens 2  and 4  were  observed 
closely and  at  the  completion of clot formation  they were  interchanged,  i.e., 
No. 2 was placed at 37°C. to undergo retraction, and No. 4 at 17°C.  After coagu- 
lation was complete, the yields from all specimens were read (Fig. 2).  The cor- 
puscle yields from Nos. 1, 3 and 5 varied as would be expected with the'tempera- 
ture; the corpuscle yield of No. 2 was a duplicate of that of No. 5, and that of No. 4 
was a  duplicate of No.  1.  Evidently, specimens which  retracted  at  the  same 
temperature  retracted  at  similar rates,  without  reference  to  the  temperature 
(rate) at which clot formation took place. 
It has been demonstrated (Text-fig. 1) that clot formation is markedly acceler- 
ated by contact of the blood with the tissues.  In Text-fig. 7 are given clot retrac- 
tion  readings  in  two rabbits, the  specimens  being  taken successively from the 
same wounds.  The curves are practically horizontal.  From this it is evident 
that  clot retraction is not affected as is clot formation by tissue kinase. c.  ~s.  VA~  ~T.~  81 
Apparatus.U--Record syringe (Text-fig. 8, No. 2), of 1.2 cc. capacity, graduated 
in 0.2 cc. divisions.  Test-tube (Text-fig.  8,  No. 3), of 1.0 cm. internal diameter 
and 5.0 cm. length.  Graduated  centrifuge tulce  (Text-fig.  8, No.  1), of 1.0 cc. 
capacity.  Separating disc (Text-fig.  8, No. 4), which  is a perforated metal disc 
of the same diameter as the test-tube.  Hematocrit (Text-fig.  8, Nos. 5 and 6), 
described elsewhere  (10, 11). 
4 
® 
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6  1 
Tr.xT-F~o. 8.  TEXT-FIG. 9. 
In preparation for the  test the glassware is carefully cleaned, particular atten- 
tion being paid the syringe that it contains no residue of blood and is dry.  The 
test-tube is given a heavy lining of paraffin, thus:  It is dipped into melted paragm 
l These instruments  may be obtained  from the  Gottlieb  Greiner Company, 
New York City, with the exception of the hematocrit which is manufactured by 
the Arthur H. Thomas Company, Philadelphia,  and  Firma  Arno  Haak,  Jena, 
Germany. 82  BLOOD  COAGULATION.  I 
which has been cooled almost to the point of thickening, and on being removed is 
immediately placed inverted under cold running water.  The external  surface is 
then wiped free of paraffin and the inner surface examined to make sure that it 
has been coated entirely and is free from water. 
Methocl.--The syringe is filled to 1.2 cc. with blood (for the rabbit see technique 
of collecting blood above) and 1.0 cc. of this is deposited precisely iu the bottom 
of the  test-tube  (thus  is  avoided error  from the  dead  space  air  bubble  in  the 
syringe).  A few drops of mineral oil are then added to cover the specimen and it 
is placed at 37°C. for coagulation. 
An hematocrit test is now performed. 
From 5 to 6 hours after collection of the specimen, the test-tube is removed from 
the incubator, covered with the separating disc and inverted into the  centrifuge 
tube  (Text-fig.  9).  This  is  then  centrifugalized  for 30  seconds  at  the  lowest 
speed (about 500 g.P.M.) necessary to displace the fluid contents of the test-tube 
completely through the separating disc into the graduated tube.  Now, the test- 
tube, separating disc and blood clot are removed, and the graduated tube,  con- 
taining the fluid yielded from the clot, is centrifugalized at high speed (about 3000 
R.P.~.) for 5 minutes to separate corpuscles from serum. 
The amounts of corpuscles and serum are read from the scale on the centrifuge 
tube  (Fig.  2),  and  these  values are corrected with  reference  to the hematocrit 
result,  to give the final readings,  as follows: 
If x  =  final serum reading, representing retraction extent, 
y  =  final corpuscle reading, representing retraction rate, 
a  =  serum reading from tube; for example, 0.56 cc., 
b  -- corpuscle reading from tube; for example, 0.18 cc., 
and 6  =  amount of corpuscles in whole blood; for example, where the hematocrit 
reading is 40 per cent, the corpuscle content of the specimen is 0.40 cc., 
a  0.56 
then x  =  ~,  for example x  0.93  (read 93 per cent), 
1.00  -  c  1.00-0.40 
andy =  _b for example y  -- 0.18__ =  0.45  (read 45 per cent). 
c  0.40 
Certain technical points require emphasis: 
It is of first importance in securing the specimen that no more than 20 seconds 
shall elapse  between  its  leaving the circulation  and  entering  the  test-tube,  for 
agitation of the blood in the early stages of coagulation produces marked reduc- 
tion in coagulation rate and  renders  the  reading misleading  (Table IV).  This 
small  quantity of blood may be  obtained  rapidly  enough when withdrawn  by 
venepuncture, but in the rabbit where it is collected from the pool of blood issuing 
from an incision the task is often difficult.  When there is any question about the 
rapidity of collection, a  second specimen should be taken and,  if the reading is 
higher, adopted.  Once the blood is in the tube further haste is not imperative, 
although no more than  2 minutes  should intervene before placing it  in the in- 
cubator. C.  ~r.  VAN ALLEN  83 
If hemolysis occurs and the serum is found tinted, no reading is to be made, 
since bacterial activity has probably altered  the specimen.  For this reason the 
incubation is limited to 6 hours. 
Where it is obvious from inspection after incubation that clot retraction has 
occurred to a slight extent only, it is better to remove the accumulated serum by 
pipette for measurement rather than by centrifugalization, for such clots are sott 
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and give up additional fluid readily on pressure.  Where clot formation fails or 
takes place only in portions of the specimen, it is of course impossible to measure 
clot retraction  and fluid  readings  become valueless.  In  these  cases  there  will 
usually be found upon the separating disc either no clot at all or misshapen clot 
fragments; even where the clot appears normal the condition may be detected, 84  BLOOD  COAGULATION.  I 
since the serum reading is abnormally low (under 87 per cent) and the corpuscle 
value high (over 30 per cent).  Such a result is, of course, indicative of an ex- 
ceedingly defective coagulation and is of value qualitatively. 
At the time of examination the subject should be fasting.  The apparent ac- 
celerating effect of food ingestion upon clot retraction is illustrated in Text-fig. 10. 
Results.--Records are at hand of 810  readings of clot retractility. 
The normal rate of clot retraction lies between the values 40 and 60 per 
cent (corpuscle output) and the normal extent between 87 and 100 per 
cent (serum output).  In disease, instances were found of all grades 
of depression of these values, to 0 per cent in non-retractile blood clot. 
The margin of error from various technical sources allowed in the 
interpretation of readings is  10 per cent of the rate value and 2 per 
cent of the extent value. 
DISCUSSION. 
The  factor here measured as  clot  formation rate  is  but  another 
expression of the same function of the blood coagulative process as the 
clotting rate values of other methods.  This is shown by their simi- 
larity of behavior in  the  presence of various  disturbing  influences, 
such as  tissue kinase and foreign body contact with the blood,  but 
more particularly by the type of their reaction to temperature change. 
Thus,  the temperature curve of clot formation as given in Text-fig. 2, 
at A, runs parallel with those at B,  C  and  D, which are constructed 
from data published respectively by Lee and White (7) with the tube 
inversion method of Howell, by Addis (6) with his modification of the 
hanging drop method of Brodie and Russell, and by Dale and Laidlaw 
(12)  with  their  shot  tube  procedure.  However,  judging  from  the 
positions occupied by the curves relative to each other, the end-point 
of clot formation is situated further along in the process of coagulation 
and  would logically have  the advantage of magnifying changes oc- 
curring in  coagulation rate.  In  this procedure, also,  the conditions 
under which the specimen resides while coagulating are nearly neutral, 
and the rate obtained may be considered as practically basic for the 
blood  examined. 
Sedimentation of corpuscles in the drop of blood tested is a phenom- 
enon  especially to  be  noted.  It  has  been observed in specimens of 
coagulating blood by others,  and  is  the  cause of production of the c.  M.  VAN ALL~.N  85 
"buffy coated" blood clot  (13,  14).  Addis (15)  found it associated 
with prolonged clotting time in extremely ill, septic patients.  Lee and 
White (7)  noticed it in various diseases, and so frequently was it ac- 
companied by delayed clotting time, that the phenomenon was used 
as confirmatory evidence of the latter condition.  Sedimentation has 
been found here also followed by an extended end-point of clot forma- 
tion, but it probably has particularly to do with the beginning-point 
and indicates delay in the onset of coagulation.  This can be shown as 
follows: If a specimen of blood is chilled directly after collection, the 
corpuscles will soon commence to gravitate and this will continue until 
the temperature is  elevated and  coagulation is  allowed  to proceed; 
should, however, the chilling be postponed for 1 minute after shedding, 
to allow coagulation to begin, and is then instituted, sedimentation 
will not take place much as the clotting end-point may be delayed by 
the low temperature.  Also, it has been found that,  where corpuscle 
sedimentation occurs in disease, examination of the blood by means 
of the wire loop of Buckmaster (5) demonstrates marked delay in the 
appearance of certain alterations in the specimen peculiar to the onset 
of coagulation.  In the gravitation of the corpuscles, accordingly, is 
presented a  means of detecting retarded initiation of coagulation, a 
factor in addition to the estimation of clot formation rate. 
Clot retraction is a function which depends upon physical principles 
quite  separate  and  distinct  from  those  underlying clot  formation, 
since,  as  has  been  demonstrated,  they  behave  differently  in  the 
presence of various disturbing influences. 
It has been necessary to resort to indirect means for the estimation 
of  clot  retractility.  Direct  measurement of size  alterations  in  the 
clot itself with any degree of accuracy is well nigh impossible, since the 
pattern of retraction is extremely variable, particularly in the early 
stages, and measurement in one or two diameters alone is not sufficient. 
However, the amount of fluid yielded from the clot during retraction 
is  as  logical a  measure and more readily applied; either procedure 
must take into consideration the plasma-corpuscle ratio of the blood 
and the amount of corpuscles extruded with the serum, in order to 
narrow  the  range  of  normal values  and  distinguish the  abnormal. 
The reason is not apparent for the parallelism found between the rate 
of clot retraction and the quantity of corpuscles which escapes from 86  BLOOD COAGULATION. I 
the clot.  This has probably something to do with the mechanics of 
fibrin  retraction.  In  early  tests,  an  additional serum reading was 
made  1 hour after  collecting the blood and compared with the final 
serum reading as an indicator of clot retraction rate.  But this was 
abandoned when the significance of the corpuscle output was appre- 
dated, and, not only has the technique been simplified thereby, but 
the corpuscle reading has proven much more delicate in determ~n~ug 
changes  in  rate. 
SU~A~. 
The gross  phenomena of  normal blood coagulation have  been stud- 
ied for the purpose of obtaining  methods for  estimating certain  char- 
acteristics  of  coagulation in  connection  with  a malignant tumor of  the 
rabbit.  The technique  is  described for  the cstimatio~ of clot  forma- 
tion  rate  and of  clot  retraction  rate  and extent.  The range  of  normal 
and abnormal values secured by these  procedures  is  given. 
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